Image enhancement and image restoration methods are widely used in most of the recent image processing studies. The main purpose of image enhancement is to remove noise from the image albeit different kinds. Therefore, in every field where image processing methods are used, image enhancement methods are more or less needed. And dermatological images, in which mostly image quality is inadequate most of the time, are one of the primary fields where these techniques are needed. Dermatologists that work in this field carry out the recording of wound images via a digital dermoscopy device. Later they realize the decision-making process using the image processing techniques through software. And in this study, the comparison of different image preprocessing methods is carried out in order to remove the effects of lighting and to make the software used give more accurate decisions.
INTRODUCTION
Dermatologic disorders are seen in almost all people epidemically nowadays. There are many different paths followed by dermatologists in diagnosis and treatment of dermatologic disorders. In the phase of diagnosis, deciding only through visual inspection results in success at the rate of 60%, especially in the skin cancer [1] . Therefore, in order to have the diagnosis more accurate, a method called dermoscopy came forward. Dermoscopy is a dermatological examination method used to diagnose the dark-colored spots. Processing the image by means of software used with the devices used for this purpose and having a more accurate diagnosis is aimed. The operation of dermoscopy is a topic that attracts many different researchers' attention for many years.
In 2002, a study was carried by Piccolo et. al. [2] in order to investigate the effectiveness of the computer-based diagnosis method. According to the study, it is seen that the error rate of the computer-based diagnosis is 26% where this rate is 0.6% for an experienced doctor. In 2005, an Internet-based dermatologic disease diagnosis system was generated for the first time by Ivatomi et. al. [3] . With the system generated, dermatologic diseases could be determined with high success rates. In 2007, diagnosis of skin lesions was tried to be carried out via cellular phones [4] . In the end of the study, it was shown that diagnosis done through cellular devices gave out more accurate results depending on the enhancement applied on the images. In 2010, a device that is capable of recording dermoscopy images through mobile devices is developed for the first time. This device was named, Handoscopy [5] . By means of this system, it was provided that people who are not experts could also get dermatological images and could transfer these images to the remote diagnosis systems. In 2011, a study, that shows how accurate results will be given by the usage of the dermoscopy systems developed for dermatologists in developing countries like Africa.It was shown that despite the problems of Internet connection usage of computers in the developing countries, success rates up to seventy percent can be obtained [6] . In the forthcoming years, whether the dermatological images got by smart phones are enough or not for the diagnosis was investigated by Asaid et. al. With the study, it was shown that images got by clinical photography are more of high quality but smart phones also get images that contain adequate information for the diagnosis [7] .After proving that mobile devices can be used in this field, studies aimed at enhancing the images obtained with these devices were carried out. In 2014, with the study, which aimed to decrease the blurriness in the images, carried out by João et. al. [8] , the effect of image enhancement on the results gathered was shown in the clear. In 2016, the problems of blurriness and irregular lighting in dermatological images were mentioned by Xie et. al. [9] . A new method is suggested to prevent the image distortion occurred because of these reasons.
With the studies carried out, it is seen that technology is also effective in the field of dermatology. Mobile devices, also being used in the diagnosis of dermatological diseases, the quality of the image obtained has become a really important determinant. However, the medium that the image was taken or blurriness and lighting problems that can occur for different reasons would have critical effects in the process of diagnosis. When studies carried out for this purpose are examined, it is seen that the studies are mostly on detection of hair in the image, removing the factor of hair or on the operation of classification [9] . With this study, unlike the other studies carried out in the previous year, different image enhancement techniques are used to decrease the effect of the shadow in the dermoscopic images and the success of the methods are tested on the dermatological images.
The remainder of this paper is organized as follows. Section 2 presents the detailed explanation of image restoration methods that used to improve dermoscopy images. Section 3 explains the dataset and evaluation metrics Section 4 presents experimental and comparative results of the image restoration techniques. Section 5 is the last section, draws a conclusion and suggests some future works.
BRIEF OVERVIEW
By using filters in image processing, operations as deblurring on the image, bringing some details into open, softening the image, edge sharpening or edge finding can be realized. Filters, generally, applied as hovering a core matrix over the entire image and retrieving the product of the multiplications for each pixel. The filtering operation is used as a preprocessing step and it makes the future operations to be conducted more comfortable.
There are linear and non-linear kinds of filters used in image processing. Linear filters are rather appropriate for some specific noise models and these types of filters are more prone to blur the image. The most widespread used examples to the linear filters are the Average filter and Gaussian filter. And non-linear filters are mostly used in the areas where the linear filters are inadequate. Applications of non-linear filters are harder than linear filters and are generally used for some (specific) purposes like edge concretizing. The most distinct methods of non-linear filtering can be given as mean filter, median filter, and wiener filter.
Within the context of the study, the effect of the shadow, which is formed as a result of different reasons in the dermatological images obtained using mobile devices, is tried to be decreased by applying both linear and non-linear filters. For this purpose, non-linear median filter, adaptive median filter and adaptive weighted median filter and linear Gaussian blur filter are used. The detailed explanation of the methods is given in the proceeded chapters.
Median Filter
The most widespread method used for decreasing the noise in the salt-pepper noise images is the median filter. Median filter, which is nonlinear, gives out successful results in the mediums of speech processing, image processing, and impulsive noise, where linear filters fall short [10] . The median filter acts like the low-pass filter to block all of the high-frequency elements like the noise in the image and thus, the image gets blurred [11] . In the median filter, the pixel values of the image are hovered over a sliding window. The picture's pixel values in the size that constitute the window are sorted in an ascending order and the middle value is assigned to the central pixel [12] . 
Adaptive Median Filter
The adaptive median filter is one of the methods that effectively decreases the spotted noises on the medical ultrasonic images. The most important advantage of this method can be thought to be protecting the image information while decreasing the noise. Differently from the other median filter methods, in the adaptive median filter, the size of the window changes during the filtering operation [13, 14] . Adaptive median filter algorithm works in two steps.
Step 1:  process passes to second step.
Else, the window size is increased and step 1 is repeated.
Step 2: 
Adaptive Weighted Median Filter
Adaptive weighted median filter algorithm is used in the cases where the standard median filter algorithm is inadequate. Also in the adaptive weighted median filter algorithm, the size of the window that encloses each pixel is variable, different than the standard median filter algorithm [16] . The algorithm suggested in the study consists of two phases like the algorithm [17] . In the first phase, whether there is a pixel that is exposed to noise on the image is determined. If there is noise on the pixel, it passes to the second phase and the pixel is changed with the weighted median value. If not, the pixel value remains the same with the image pixel value. The flow chart that belongs to the adaptive weighted median filter is shown in Fig 2. 
Gaussian Blur Filter
2D Gaussian Blur method is a method that is used commonly to decrease the noise and details on the image. But this method is also sued as a pre-processing phase in the artificial vision algorithms with the intent of strengthening the structures of the images in different magnitudes [18] . Gaussian Blur can be defined as the convulsion of the core matrix sampled from the Gaussian function by the image pixels. Convulsion in discrete time can be defined as below [19] .
Here, x represents the input image, y the output image and h the core matrix. In the operation of convulsion, the window magnitude of the pixels in the input image and the core matrix is the same. If the image output value calculated as a result of the operation is not an integer, it is rounded off to an integer. As a result of using different core matrixes in the convulsion operation, different filtering operations are carried out on the image. And Gauss function can be defined as:
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Fig 2: Adaptive Weighted Median Filter algorithm
Here is stated to be the standard deviation of the distribution [20] . In order to the Gauss structure of the filter to be preserved value must increase in parallel with the core matrix magnitude. In other words, Gauss core coefficients are interdependent with the value. The example core matrixes of Gauss filter are shown in 
DATASET AND EVALUATION TECHNIQUES
In this study, the effect of the shadow formed on the dermatological images obtained by the mobile devices is tried to be decreased. But in the literature, there is no database generated with the intent of enhancing the quality of the dermatological images [8] . The studies in the literature are generally conducted by adding different noises on the images in the databases that have unimpaired images. In our study, unlike existing studies, enhancement is tried to be carried out on twenty-six different images obtained by the patients using mobile devices. For this purpose, Samsung S6 and LG G3, mobile phones which have 12 megapixels of resolution maximum. Images in different resolutions are obtained via these phones. Previously, it was shown that dermatological images obtained using mobile devices, branded Samsung [6] and iPhone [7] having 5 megapixels of resolution, could be used in the diagnosis of the diseases. But as the mobile devices used in these studies are not compatible with the current technology, within the context of the study, an up-todate dataset is created. In Fig 4 , some example images that belong to the dataset created are shared.
Fig 4: Sample images that belongs to created dermoscopy images dataset
While evaluating the success of the filters applied to decrease the effect of the shadow in the wound images taking place in the dataset obtained three different methods are used. These are Mean Square Error (MSE), Peak Signal-to-Noise Ratio and Correlation Index (CI). The formula for MSE and PSNR are given by the following equations (5), (6) and (7).
The MSE method is the most widespread method used to evaluate the images on which the restoration operation is applied. '( , ) g n m value taking place in the Formula 5 represents the image obtained after the restoration operation and the ( , ) g n m value the original image. The MSE method can give different error results depending on the resolution of the image. 
International Journal of Applied Information Systems (IJAIS) -ISSN : 2249-0868 Foundation of Computer Science FCS, New York, USA Volume 11 -No. 8, January 2017 -www.ijais.org
The S value taking place in the Formula 6 represents the biggest pixel taking place in the image. The unit of measure of the PSNR value is dB. The PSNR value is an ideal method to restoration operations applied on the same image to be evaluated.
The correlation index is one of the alternative methods that are used to evaluate the operations carried out on the image. The value x i shown in Formula 7 represents the intensity of the i. pixel of the first one from the images whose correlation index will be calculated, y i value, the intensity of the i. pixel of the second one from the images whose correlation index will be calculated, x m value, the mean value of the intensity of the first image, and the y m value, the mean value of the intensity of the second image. In the next chapter MSE, PSNR and CI values obtained using the original image and the restored image is given.
EXPERIMENTAL RESULTS
Filters that will be used within the context of the study to decrease the effect of the shadow are developed using Phyton language. Application of the filters and obtaining results are also done using Phyton environment. In Table 1 and Table 2 , results belonging to the images in the dataset having the highest and lowest resolutions are given. As it is seen in the tables, the performances of the filtering methods vary depending on the resolution of the image. In the images with low resolution, Median Filter, Adaptive Median Filter has a lower error rate and higher PSNR values compared to Adaptive Weighted Filter and Gaussian Blur Filters. And in the images with how resolution Adaptive Weighted Median Filter has the best performance. In Fig 5 , from the images in the dataset, the image in which the shadow's effect is the highest and the resolution is the lowest (Image 1) and the image in which the shadow's effect is the lowest and the resolution is highest (Image 2) are presented. The first row in Fig 5 shows 
CONCLUSION
Enhancement operations in the medical images with insufficient image quality are important and challenging operation. There are many different methods that can be applied on the images for this purpose.
Within the context of the study, the effect of the shadows on the image are tried to be decreased by applying different filters to enhance the images with different resolutions. It is seen that four filters that are applied for this purpose have variant effects on images with different resolutions. Application of filters on the images with a high resolution where distortions very low did not have a serious benefit but it was observed that the best method for decreasing the shadow on the images with low resolution is the Adaptive Weighted Median Filter.
